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1
SYSTEM AND METHOD FOR SERIAL
COMMUNICATION BY AN ELECTRONIC
CIRCUIT

FIELD

This disclosure relates to circuits, systems, and processes
for serial communications and, in particular, to I*C commu-
nications.

BACKGROUND

I?C is a two-wire, serial data communication protocol. Itis
used in a wide array of applications including, but not limited
to: reading and writing memory such as EEPROM memory,
PCI card management, accessing low speed DAC and ADC,
managing monitor or LCD settings, controlling speakers and
audio systems, communicating over automotive communica-
tion networks, etc.

An integrated circuit (IC) that provides an I*C interface
requires two pins dedicated to the I°C data signals. The I°C
protocol requires an SCL signal that provides an I°C clock
signal and an SDA signal that provides an I°C data signal.
Thus, I*C requires two pins: one for the SCL signal and one
for the SDA signal.

Some integrated circuits implement I°C communication
with pins that are normally used for other functions by switch-
ing between I°C and another (e.g. parallel) communication
mode, or between I°C and other functions associated with the
integrated circuit. However, a circuit that switches between
an I°C mode and a non I°C mode often requires an additional
pin, or some other mechanism, to turn the I*C mode on and
off.

SUMMARY

This disclosure describes systems and methods for com-
municating via a serial communication link.

In an embodiment, a motor driver comprises at least two
terminals suitable for being coupled to a motor controller and
to receive a motor command signal and transmit a motor
status signal when the motor driver is controlling a motor. The
motor driver may also include a serial data communication
circuit configured to send and receive serial data over the at
least two terminals when the at least two terminals are idle.

In an embodiment, one of the at least two terminals is a start
pin to receive a signal capable of starting the motor, and one
of'the at least two terminals is a lock pin on which a signal is
provided indicating whether a speed of the motor is locked to
a frequency reference. The serial data sent over the terminals
may comprise I°C signals.

In another embodiment, a method comprises the step of
receiving a motor command signal and transmitting a motor
status signal on at least two terminals of a motor driver when
the motor driver is controlling a motor. The method may also
include the step of driving serial data communication signals
over the at least two terminals when the at least two terminals
are idle.

In an embodiment, the step of receiving the motor com-
mand signal comprises receiving a signal indicating whether
to start the motor on one of the at least two terminals and the
step of transmitting the status signal comprises transmitting a
signal indicating whether a speed of the motor is locked to a
reference frequency on one of the at least two terminals. The
step of driving serial data may include driving I°C signals on
one or both of the at least two terminals.
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BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 11is ablock diagram of a motor driver providing serial
data communication.

FIG. 2 is a block diagram of a portion of a motor controller
including a serial communication module.

FIG. 3 is a block diagram of a motor driver providing serial
communication.

FIG. 4 is a flow diagram of serial communication.

Like numbers in the drawings denote like elements. The
figures, including the flowcharts and block diagrams, are
provided for exemplary purposes and are not intended to limit
the scope of this disclosure. Although the figures depict dia-
grams and flowcharts with particular numbers of blocks con-
nected in particular arrangements or sequences, these are
examples only. Other arrangements and sequences are within
the scope of this disclosure.

DETAILED DESCRIPTION

Before describing the present invention, some introductory
concepts and terminology are explained.

As known in the art, a spinning motor can act like a gen-
erator. The electromotive force produced by the spinning
motor may be referred to as back-EMF. Signals produced by
this back-EMF can be measured to determine the position and
speed of the motor. For example, the magnitude of the back-
EMTF signals may be directly proportional to the speed of the
motor. In some instances, these signals can be measured
without the need for an external sensor. In these so-called
“sensorless systems,” the back-EMF signals may be fed back
directly from the motor into an input of the motor driver
circuit.

As used herein, the term “motor driver” is used to describe
a circuit or plurality of circuits that drive an external motor. A
motor driver may include an IC or other type of silicon chip,
it may include discrete components, or it may include a com-
bination of ICs and discrete components.

As used herein, the term “magnetic field sensing element”
is used to describe a variety of electronic elements that can
sense a magnetic field. The magnetic field sensing element
can be, hut is not limited to, a Hall effect element, a magne-
toresistance element, a magnetotransistor, or, a resolver, for
example.

Different types of Hall effect elements can also be used to
measure position and speed of the motor. These Hall effect
elements include, for example, a planar Hall element, a ver-
tical Hall element, and a circular vertical hall (CVH) element.
As is also known, there are different types of magnetoresis-
tance elements, for example, a semiconductor magnetoresis-
tance element such as Indium Antimonide (InSb), a giant
magnetoresistance (GMR) element, anisotropic magnetore-
sistance element (AMR), a tunneling magnetoresistance
(TMR) element, and a magnetic tunnel junction (MTJ). The
magnetic field sensing element may be a single element or,
alternatively, may include two or more magnetic field sensing
elements arranged in various configurations, e.g., a half
bridge or full (Wheatstone) bridge. Depending on the device
type and other application requirements, the magnetic field
sensing element may be a device made of a type IV semicon-
ductor material such as Silicon (Si) or Germanium (Ge), or a
type 1II-V semiconductor material like Gallium-Arsenide
(GaAs) or an Indium compound, e.g., Indium-Antimonide
(InSb), or another compound semiconductor material In
GaAsP, or high mobility material, for example GaN

As used herein, the term “signal” is used to describe an
electronic characteristic, analog or digital, that can change
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over time. In contrast, as used herein, the term “value” is used
to describe a digital electronic value that tends to be static, or
that tends to change from time to time. However the terms
signal and value can also be used interchangeably.

As used herein, the terms “software” and “firmware” may
refer to computer readable instructions, stored in a volatile or
non-volatile computer readable storage medium (such as a
hard drive or memory). The computer readable instructions
may be stored in a ROM, RAM, or other type of memory. The
instructions, when read by a processor, may cause the pro-
cessor or other circuits peripheral to the processor to perform
certain functions or operations. Although described as “com-
puter-readable,” the instructions need not be accessed or
executed by a traditional laptop or desktop computer. Rather,
the computer-readable instructions may be accessed or car-
ried out by any type of processor or circuit that is able to read
and execute the instructions.

The terms “software” and “firmware” may also refer to
other types of instructions such as microcode, machine-code,
scripts, or any type of computer readable instruction set that
can be stored in a computer readable storage medium and
executed by a processor or circuit.

Referring to FIG. 1, a motor driver 10 is shown coupled to
a motor 12. The motor driver 10 may be a circuit or group of
circuits configured to power and control the motor 12. In an
embodiment, the motor 12 may be an electric motor suchas a
brushed motor, a brushless motor, a stepper motor, etc. In
another embodiment, the motor 12 may be a non-electric
motor (e.g. an internal combustion engine, a hydraulic motor,
etc.) that can be controlled by the motor driver 10.

The motor driver 10 may be coupled to a motor controller
14. The motor controller 14 may be a circuit or system that
provides command signals and instructions to the motor
driver 10 that tell the motor driver 10 how to control the motor
12. The motor controller may, in various embodiments, also
provide other signals such as power, ground, a frequency
reference signal, etc. Of course, these signals can also be
provided to the motor driver 10 by other circuits and systems.

In an embodiment, the motor controller 14 may be an
external circuit or processor that dictates control and opera-
tion of the motor 12. The motor controller 14 may send
commands to the motor driver 10 for controlling aspects of
the motor 12 such as starting, stopping, direction, and speed.
The motor driver 10 may then energize and provide power to
the motor 12 so that the motor 12 performs according to the
commands. For example, the motor controller 14 may send a
command instructing the motor driver 10 to start the motor
12, or to set the speed of the motor 12 to a particular fre-
quency. When received, the motor driver 10 may then start the
motor 12 and set the speed of the motor 12 to the particular
frequency. The motor controller 14 may also receive feedback
signals from the motor driver 10 that can be used by the motor
controller 14 or other system components to determine if the
motor is operating according to the command signals, and to
adjust the command signals accordingly.

The motor driver 10 may provide an interface 16 for com-
munication with the motor controller 14. The interface 16
may include one or more pins or terminals, buses, etc. As
shown, the interface 16 may include a start pin 10a and a lock
pin 105.

The start pin 10a may be an input that receives a start signal
24 from the motor controller 14. In an embodiment, the start
signal may be a DC signal that can be used to turn the motor
12 on an off. For example, when the motor start signal is high,
the motor driver 10 may remove power from the motor so that
the motor 12 turns off. While the start signal is tow, the motor
driver 10 may energize the motor 12 so that the motor 12 runs.
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4

In another embodiment, the logic levels may be switched so
that a high start signal turns the motor on and a low start signal
turns the motor off Although described as a DC signal, the
start, signal may also be an AC signal, a digital signal, etc.

The lock pin 105 may be an output pin driven by the motor
driver 10. The motor driver 10 may provide a lock signal 30 to
indicate whether the speed of the motor is locked to a refer-
ence frequency. In an embodiment, the motor driver 10 may
receive a reference frequency signal that indicates a speed at
which the motor 12 should run. The motor driver 10 may
include feedback circuits 40, which may include a phase
locked loop (PLL) to “lock™ the speed of the motor 12 to the
received reference frequency. Once the motor 12 is running at
the specified frequency, the motor driver 10 may assert the
lock signal to let the motor controller 14 know that the desired
motor speed has been achieved and that the speed is locked.

In an embodiment, when the speed of the motor 12 is
locked, the motor driver 10 may drive the lock signal low, and
when the motor 12 is not locked, the motor driver 10 may
drive the lock signal high, or vice versa. Although described
as a DC signal, the lock signal may also be an AC signal, a
digital signal, etc.

The lock signal and the start signal may also be pulled high
or low by pull-up or pull-down resistors or other pull-up or
pull-down mechanisms) so that the motor controller 14 and
the motor driver 10 only need to drive the signal in one
direction—high or low—but not both.

The interface 16 may also have additional pins shown by
1/0 bundle 10c¢. VO bundle 10¢ may include additional con-
trol signals, power signals, ground signals, busses, or any
other type of signal that can be used to control or otherwise
communicate with the motor 12 or the motor driver 10. In an
embodiment, the interface 16 may be a five-wire motor inter-
face. In this embodiment, the bundle 10¢ may comprise a
power signal, a ground signal, and a reference frequency
signal.

The frequency reference pin 10f' may receive a frequency
reference (FREF) signal 22 from the motor controller 14. The
FREF signal 22 may be used to set a frequency, or speed, of
the motor 12. For example, to change the speed of the motor
12, the motor controller 14 may change the frequency of the
FREF signal 22. The motor driver 12 may then adjust the
speed of the motor 12 accordingly. In an embodiment, the
feedback circuit 40 may lock the speed of the motor 12, as
described above, to the frequency of the FREF signal 20.

In an embodiment, the interface 16 may implement a
BLDC type 1 interface. The BLDC type 1 interface may
include (but is not limited to) a power pin (e.g. 24V), a ground
pin, a digital START pin that is used by the motor controller
14 to turn the motor 12 on and off, an FREF (frequency
reference) pin that is used by the motor controller 14 to
provide atarget speed or frequency for the motor, and a digital
LOCK pin that is used by the motor driver 10 to indicate when
the speed of the motor is locked to the target speed or fre-
quency.

In another embodiment, the interface 16 may implement a
BLDC type 2 interface. The BLDC type 2 interface may
include (but is not limited to), the following pins: a power pin
(e.g. 24V), a ground pin, a digital START pin that is used by
the motor controller 14 to turn the motor 12 on and off, an
FREF (frequency reference) pin that is used by the motor
controller 14 to provide a target speed or frequency for the
motor, a digital READY pin that is used by the motor driver
10 to indicate when the speed of the motor is locked to the
target speed or frequency, a digital Da pin that is used by the
motor controller 14 to specity a direction of rotation of the
motor 12, a digital BRAKE pin used by the motor controller
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14 to specify whether the motor driver 10 should actively stop
the motor or passively allow the motor to slow and stop on its
own, and an FGO pin used by the motor driver 10 to indicate
the current speed of the motor 12.

Bundle 104 may comprise outputs used to drive the motor
12. These outputs, driven by motor coil driver module 18,
may energize the coils of motor 12 in order to turn the motor
12 on and oft and control the speed of the motor 12. In an
embodiment, bundle 104 may include pairs of outputs, one
output coupled to each end of each coil of the motor 12. For
example, if the motor 12 has three coils, bundle 104 may
include three pairs of outputs, each pair connected to the ends
of a respective coil. The outputs in bundle 104 may also sink
current, act as current return paths, when current is flowing
through the coils of the motor 12.

Pin 10e may receive one or more input signals used to
determine the current speed of the motor 12. The received
signal(s) may be used by a feedback mechanism or circuit 40
to provide a feedback signal 28 to control the speed of the
motor, to lock the speed of the motor in a PLL, to determine
if the motor is spinning or if it is idle, etc. The feedback circuit
40 may include magnetic field sensors containing one or more
magnetic field sensing elements, such as Hall Effect ele-
ments, magnetoresistive elements (including giant-magne-
toresistive elements), a back-EMF module, or any other sen-
sor or circuit that can determine speed or position of the motor
12. Examples of such feedback circuits and systems are
described in U.S. patent application Ser. No. 13/718,548,
filed Dec. 18, 2012, which is assigned to the assignee of the
subject application and incorporated here by reference.

Motor driver 10 may also include a motor control logic
module 20. The motor control logic module 20 may comprise
logic circuitry and/or software to control the motor 12. For
example, the motor control logic may receive a frequency
reference signal 22 and a start signal 24 from the motor
controller 14. The motor control logic module 20 may then
send control signals 26 to the motor coil driver 18, which may
drive the motor 12. The feedback signal 28 may be fed back to
the motor control logic module 20. When the speed of the
motor is locked, the motor control logic module may assert
the lock signal 30.

Motor driver 10 may also include a serial communication
module 32. In an embodiment, the serial communication
module 32 may be an I°C transceiver or any other type of
serial data communication module. The serial communica-
tion module 32 may be coupled to pin 10a and pin 105 so that
it can send and receive serial communication signals through
pins 10a and 106. In an embodiment in which the serial
communication module 32 is an I°C transceiver, pin 10a may
be used to send and receive an I°C clock signal (i.e. an SCL
signal) and pin 105 may be used to send and receive an I°C
data signal an SDA signal).

Because the pin 105 is used for both the lock signal 30 and
the SDA signal, the motor driver 10 may include a multi-
plexor 34 and a decision circuit 36. The decision circuit 36
may determine which signal, i.e. the lock signal 30 or the I>°C
SDA signal 38, should be sent as an output signal to the pin
105.

In an embodiment, the serial communication module 32
may be active whenever the motor driver 10 is powered on. In
other words, the serial communication module 32 is always
capable of responding to receipt of a start condition at the pins
10a, 1056. This may allow the serial communication module
32 to communicate with the motor controller 14 or other
circuits without the need to enter a special serial communi-
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cation mode and without the need to add extra pins and/or
circuitry to the motor driver 10 for the purpose of mode
control.

While the motor 12 is running, the pin 105 may be used to
communicate the lock signal, and the pin 10a may be used to
communicate the start signal 24. Recall that the lock signal 30
may be driven low when the motor speed is locked to the
reference frequency. Since this pulled down condition will
not permit I°C signals to be conveyed, the lock signal 30 and
the start signal 24 must not be pulled down for an I*C start
condition and subsequently other I*C data signals to be suc-
cessfully communicated. Thus, the motor 12 must be either
stopped or operating without the lock signal 30 and the start
signal 24 being pulled low or high when initiating and carry-
ing out an I*C transfer. For example, the motor may be run-
ning in a test mode or another operational mode where the
start signal 24 and the lock signal 30 are not pulled high or
low. Accordingly, the serial communication module can send
and receive serial data over the start pin 10a and the lock pin
105 when these pins are idle or not asserted (i.e., when the
motor is stopped or operating without the lock signal 30 and
the start signal 24 being pulled low or high). The serial com-
munication module 32 may respond to the serial communi-
cation, such as by writing data to the SDO signal 32 for
example

In an embodiment, when the pins 10a and 105 are being
used for I°C communication, the motor controller 14 (or
another external circuit) may drive the SCL signal. In other
words, the motor controller 14 may act as an I°C master and
the serial communication module 32 may act as an I°C slave.
In other embodiments, the serial communication module 32
may drive the SCL signal and may act as an I°C master.

If the motor controller 14 is acting as the I°C master, the
motor controller 14 may initiate I°C communication by pro-
viding a start in accordance with I°C protocol. In an embodi-
ment, the start condition may be provided by the start signal
being high and the lock signal being pulled low. This may
alert the serial communication module 32 that the pins 10a
and 105 are being used for I°C communication. The serial
communication module 32 may then receive the I°C commu-
nications. The motor controller 14 according to the I°C pro-
tocol, including a start bit, a control byte, data bytes, a stop bit,
etc. The motor controller 14 and the serial communication
module 32 may then initiate communication according to I>°C
protocol in which each byte transferred is acknowledged by
the other side. For example, when the motor controller 14 is a
master during a write, the controller 14 may send the data byte
and the driver 10 may acknowledge each byte, and during a
read, the driver 10 may send the data bytes and the controller
14 may acknowledge each byte.

FIG. 2 shows an alternate view of the serial communication
module 32 and the motor controller 14. In this view, the serial
communication module 32 may include an EEPROM 200 or
other memory, and other circuits to support reading and writ-
ing from the EEPROM 200. However, in alternate embodi-
ments, the EEPROM 200 and any supporting circuits may be
separate from the serial communication module 32.

FIG. 2 illustrates an example of how the pins 10a and 105,
which carry the start and lock signals respectively, can be
used to read and write from the EEPROM 200 or other reg-
isters with I?°C communications.

The EEPROM 200 may store various types of data for
various application related functions. In an application, a first
group of EEPROM registers may contain configurable sys-
tem parameters, such may be used to evaluate or configure the
driver 10. A second group of writeable registers support
motor control functions, such as starting and stopping the
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motor and changing the motor direction. A third group of
EEPROM registers may be readable registers to support
motor feedback functionality and thus, may be used to store
motor speed related information for example.

During a write operation, the motor controller 14 may
initiate I°C communication by asserting a start condition at
pins 10a and 105 and transferring an I*C communication to
the motor driver 10. The motor controller 14 may then send an
EEPROM address to be written to the motor driver 10. The
I°C receiver 202 may receive the address and send it to a
serial-in to parallel-out module (SIPO) 204, which may con-
vert the address from serial data to parallel data. The SIPO
204 may then send the address to a loadable addressable
register (MAD) 206, which may provide the address to the
EEPROM 200. The motor controller 14 may then send data to
be written to the EEPROM, which may be received by the I°C
receiver, send to the SIPO 204, then to the LDAD 206, and
then written to the EEPROM.

Since the start and lock pins 10a, 105, respectively are still
active as the start/stop input and the phase lock output during
I°C communication, a control bit may be used to disable these
functions and allow these pins to operate solely as an I*C bus.
After the bit is set, the motor operation can be controlled via
the I°C bus.

During a read operation, the address may be sent to the
EEPROM 200, as described above. Once the address is
received, the EEPROM 200 may write the data stored in that
address to a parallel-in serial-out module (PISO) 208. The
PISO 208 may convert the data to serial data, which may then
be sent out over the I°C bus to the motor controller 14.

In an embodiment, the motor driver 10 may send out I°C
data over the SDO line 212. As shown, a PISO 214 may
convert parallel data into serial data that can be coupled to the
SDO line 212 (e.g. through multiplexor 216). When the data
is driven onto the SDO line 212, the logic gates 218 and 220
may enable and disable the buffer 222 so that the buffer 222
drives the data onto the lock pin 105, where it can be received
by the motor controller 14.

By reading and writing to the motor driver 10, the motor
controller can 14 use I°C commands to program the
EEPROM 200 to configure various motor and/or motor driver
parameters, read and write test data, read and write control
data for controlling the motor 12, etc.

The motor controller 14 may also use I°C commands to
place the motor driver 10 into a test mode, to send test com-
mands to the motor driver 10, to receive test data from the
motor driver 10. For example, the motor controller 14 (or
another external circuit such as a manufacturing test fixture)
may send I°C commands to turn the motor on, turn the motor
off, drive the motor in one direction, drive the motor in
another direction, driver the motor at a particular speed, etc.
In an embodiment, commands such as these may be used
during a manufacturing test sequence.

FIG. 3 shows additional details of an illustrative motor
driver 10. As shown, the motor driver 10 may include addi-
tional circuitry and modules including, but not limited to, a
gate driver 300, a thermal monitor 302, voltage regulators, a
charge pump, etc. In an embodiment, the motor controller 14
can send I°C commands over pins 10a and 105 to access data
from or control these additional circuits and modules in a
manner similar to that described above with respect to the
EEPROM 200. Also, in FIG. 3, the EEPROM 200 and the
serial communication module 32 are shown as separate
blocks.

FIG. 4is a flowchart illustrating operation of a motor driver
10. In block 400, the motor driver 10 is reset and begins
operation. In block 402, the motor driver 10 determines if the
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start signal is low and the frequency reference signal is greater
than a predetermined frequency. If so, no I°C start condition
is detected, and the motor driver 10 proceeds to block 404 to
begin controlling or regulating the motor.

In blocks 404 and 406, the motor controller 10 drives the
motor until the speed of the motor 12 locks the reference
frequency (e.g. until a PLL locks the speed of the motor to the
desired speed). Once the speed reaches the reference fre-
quency, the motor driver 10 may continue to spin the motor
and may assert the lock signal by pulling the lock signal tow
in block 408. As long as the motor controller 14 continues to
assert the start signal by driving it low, the motor driver 10 will
continue to run the motor 12. Once the start signal is de-
asserted and is pulled high in block 408, the motor driver 10
may proceed to block 410 and slow the motor according to a
brake signal (See e.g. brake pin in FIG. 3) and de-assert the
lock signal. The motor driver 10 may then proceed to block
402.

In block 402, if the start signal is not asserted or the refer-
ence frequency is less than 1 kHz, the motor driver 10 may
de-assert the lock signal in block 412. The motor driver 10
may remain in block 412 until the start pin (i.e. the SCL
signal) is high and the lock pin (i.e. the SDA signal) is low,
which may indicate an I°C start condition, in block 414. The
motor driver 10 may detect the I>C start condition in block
416 and begin serial communication using the I°C signals on
pins 10a and 105 (see FIG. 1).

Blocks 418 through 440 show an illustrative test sequence
that may be performed by communicating with the motor
driver 10 via I°C over pins 10a and 105. Blocks 418 through
440 are for illustrative purposes only. In other embodiments,
motor driver 10 may employ other test sequences, or may not
include test sequences.

In block 418, the motor driver 10 may send a message for
pin replacement. This may place the motor driver 10 and/or
the motor controller 14 into a test mode where pin functions
have been re-assigned to various registers or memory loca-
tions For example, the STARTn pin, the DIR pin, and the
BRAKEn pin (see FIG. 3) may be replaced by values in
internal registers. These register values may also be referred
to as STARTn, DIR, and BRAKEn register values. Thus, the
functions performed by the STARTn, DIR, and BRAKEn
pins may be replaced b these register values, which can be
manipulated by I°C commands that access and modify these
register values.

In block 420 the motor driver 10 may disable the lock
signal such as with the use of a control bit so that pin 105
(FIG.1) can be used as an SDA signal for the remainder of the
test sequence.

Ifthe frequency reference signal is greater than a predeter-
mined amount and an I°C message includes a command or
value that sets the STARTn register value, then the motor
driver may proceed to block 424. If the I°C message asserts a
command that sets the DIR register value so that DIR=1, then
the motor driver 10 may spin the clockwise in block 426.
Otherwise, the motor driver 10 may spin the motor 12
counter-clockwise block 428.

I°C After spinning the motor, the motor driver may check
that the motor speed is locked to the frequency reference
signal in block 430. If so, the motor driver may send an I°C,
message to the motor controller 14 indicating that the phase
lock has been established in block 432.

If an I°C message to stop the motor is received in block
434, the motor driver 10 may slow the motor in block 436. If
an I°C message is received to stop testing in block 440, the
motor driver 10 may exit the test sequence and proceed to



US 9,300,235 B2

9

block 402. Otherwise, the motor driver 10 may proceed to
bock 412 to continue the test sequence.

One skilled in the art will recognize that, although certain
signals may be described above as digital signals or analog
signals, this is not intended to be a limitation. In various
embodiments, the digital signals described above can be
replaced by equivalent analog signals and vice versa. Simi-
larly, components described above as receiving or producing
adigital signal or an analog signal may be replaced by equiva-
lent components that receive or produce analog signals, sig-
nals, or other types of signals.

Having described various embodiments, which serve to
illustrate various concepts, structures and techniques, which
are the subject of this patent, it will now become apparent to
those of ordinary skill in the art that other embodiments
incorporating these concepts, structures and techniques may
be used. It will be appreciated by those of ordinary skill in the
art that the circuitry and techniques described above in con-
nection with illustrative motor driver 10, for permitting serial
communication, such as with the I*C protocol, over connec-
tions otherwise used for other application functionality, can
be applied to other types of circuits. As one example, voltage
regulators connections, such as voltage regulators that use an
“enable” input pin and an “in regulating range” pin. In such
regulators, a serial communication module (similar or the
same as serial communication module 32 in FIG. 1) may be
coupled to the “enable” and “in regulating range” pins to send
and receive serial communications over those pins. Of course,
the serial communication module may also be coupled to any
other pins that can be used to send and receive serial data
communications. Accordingly, the scope of the patent should
notbe limited to the described embodiments but rather should
be limited only by the spirit and scope of the following claims.

What is claimed is:

1. A motor driver comprising:

a motor coil driver responsive to a motor command signal
to control a motor;

a feedback circuit to provide a feedback signal represent-
ing a status of the motor;

a first terminal coupled to receive the motor command
signal when the motor driver is controlling a motor;

a second terminal coupled to transmit the feedback signal
when the motor driver is controlling the motor;

a motor control logic module that receives the motor com-
mand sign as an input from the first terminal, sends
control signals to the motor coil driver to drive the motor
in response to the command signal, receives the feed-
back signal from the feedback circuit, and generate a
motor status signal representing the status of the motor
as an output to the second terminal in response to the
feedback signal;

a serial data communication circuit configured to send and
receive a serial data signal in accordance with a serial
communication protocol over the first and second termi-
nals when the motor is stopped or when a voltage on the
first and/or second terminals is not pulled high or low;
and

a multiplexor coupled to the motor control logic module
and the serial data communication circuit to selectively
couple the second terminal feedback signal to the motor
control logic module and the serial communication
module in response to a determination that the motor is
stopped or a voltage on the first and/or second terminals
is not pulled high or low.

2. The motor driver of claim 1 wherein the first terminal is

a start pin to receive a signal capable of starting the motor.
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3. The motor driver of claim 1 wherein the second terminal
is a lock pin on which a signal is provided indicating whether
a speed of the motor is locked to a frequency reference.

4. The motor driver of claim 1. wherein the serial commu-
nication protocol is an I°C protocol.

5. The motor driver of claim 4 wherein one of the first and
second terminals is configured as an SCL input signal and the
other of the first and second terminals is configured as an SDA
shared bus signal.

6. The motor driver of claim 1 wherein the serial data
communication circuit is configured to send and receive data
to control testing of the motor driver, the motor, or both.

7. The motor driver of claim 1 wherein the serial data
communication circuit is configured to send and receive data
to control programming of the motor driver.

8. The motor driver of claim 1 wherein the serial data
communication circuit is configured to communicate over the
first and second terminals when the motor driver is not con-
trolling the motor.

9. The motor driver of claim 1 wherein the serial data
communication circuit is configured to communicate over the
first and second terminals when an I°C start condition is
received.

10. The motor driver of claim 1 wherein the serial data
communication circuit is always active to receive or transmit
serial data on the first and second terminals.

11. A method comprising the steps of:

receiving, by a motor coil driver circuit, a motor command

signal to control a motor;

providing, by a feedback circuit, a feedback signal repre-

senting a status of the motor;

receiving, by a motor driver circuit, a motor command

signal on a first terminal when the motor coil driver
circuit is controlling a motor;

transmitting, by the motor control circuit, motor status

signal on a second terminal when the motor coil driver
circuit is controlling the motor; and
receiving, by a motor control logic module, the motor
command signal as an input from the first terminal;

sending, by the motor control logic module, control signal
the motor coil driver to drive the motor in response to the
command signal;

receiving, by the motor control logic module, the feedback

signal from the feedback circuit;

transmitting, by the motor control logic module, a motor

status signal representing the status of the motor as an
output of a second terminal in response to the feedback
signal when the motor coil driver is controlling the
motor;

sending and receiving serial data communication signals,

by a serial data communication circuit, in accordance
with a serial data communication protocol, over the first,
and second terminals when the motor is stopped or when
a voltage on the first and/or second terminals is not
pulled high or low; and

selectively coupling the second terminal feedback signal to

the motor control logic module to the serial communi-
cation module in response to a determination that the
motor is stopped or a voltage on the first and/or second
terminals is not pulled high or low.

12. The method of claim 11 wherein receiving the motor
command signal comprises receiving a signal indicating
whether to start the motor on one of the first and second
terminals.

13. The method of claim 11 wherein transmitting the status
signal comprises transmitting a signal indicating whether a
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speed of the motor is locked to a reference frequency on one
of the first and second terminals.

14. The method of claim 11 wherein the serial communi-
cation protocol is an I°C protocol.

15. The method of claim 14 wherein sending and receiving
serial data communication signals includes driving an SCL
signal on one of the first and second terminals and driving an
SDA signal on the other of the first and second terminals.

16. The method of claim 11 wherein sending and receiving
the data communication signals includes sending and/or
receiving test signals.

17. The method of claim 11 wherein sending and receiving
the data communication signals includes sending and/or
receiving programming signals.

18. The method of claim 11 wherein sending and receiving
the data communication signals over the first and second
terminals includes sending and/or receiving the data commu-
nication signals after an I°C start condition is received on the
first and/or second terminal.

19. The method of claim 11. wherein sending and receiving
the data communication signals over the first and second
terminals includes providing a transceiver, coupled to the first
and second terminals, that is always active to send or receive
the serial data communication signals.
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